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Background: Radiotherapy for peptic ulcer was used be-
tween 1937 and 1965 to control excessive gastric acid secre-
tions (mean dose, 14.8 Gy). Patients with this benign
condition live many years after treatment and are at risk for
late effects. Purpose: Our purpose was to investigate the risk
of death from cancer following radiotherapy for peptic
ulcer. Methods: A mortality study was conducted of 3609
patients with peptic ulcer; 1831 were treated with radiation
and 1778 were treated by other means. Extensive methods
were used to trace patients. Radiation doses to specific or-
gans were reconstructed from the original radiotherapy
records. Results: Nearly 70% of patients were found to have
died. The average period of observation was 21.5 years
(maximum 51 years). Compared with the general popula-
tion, patients treated with or without radiation were at sig-
nificantly increased risk of dying of cancer and non-
malignant diseases of the digestive system. Risk of death due
to heart disease was slightly higher following radiotherapy.
Cancers of the stomach, pancreas, lung, and prostate were
increased in both irradiated and nonirradiated patients.
Radiotherapy was linked to significantly high relative risks
(RRs) for all cancers combined (RR = 1.53; 95% confidence
interval ICI] = 1.3-1.8), for cancers of the stomach (RR =
2.77; 95% CI = 1.6-4.8), pancreas (RR = 1.87; 95% CI = 1.0-
3.-4), and lung (RR = 1.70; 95% CI = 1.2-2.4), and for
leukemia (RR = 3.28: 95% CI = 1.0-10.6). Radiation com-
bined with surgery, or given to treat gastric ulcer, appeared
to increase the risk of stomach cancer 10-fold, which was
greater than the sum of individual effects. Patients with
gastric ulcers were at higher risk for stomach cancer than

patients with duodenal ulcers. Conclusions: Patients with
peptic ulcer are at increased risk of dying of cancer, related
in part to lifestyle factors and treatment. Radiotherapy and
surgery together appear to induce carcinogenic processes
that greatly enhance the development of stomach cancer.
The risk of radiation-induced stomach cancer was 0.25 extra
deaths per 10 000 persons per year per Gy, somewhat lower
than reported in other studies. High-dose radiation may
have increased the risk of pancreatic cancer, a condition
rarely found elevated in irradiated populations, but misclas-
sified death notices may have contributed to the excess. Can-
cer mortality remained high for up to 50 years, indicating
that radiation damage may persist to the end of life. [J Natl
Cancer Inst 86:842-849, 1994]

Ionizing radiation is known to increase the occurrence of
many forms of cancer. but quantitative estimates of risk are
often uncertain due to imprecise dosimetry and limited periods
of observation (1). Radiation studies of patients with benign
conditions provide valuable information on cancer effects be-
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cause organ doses can be estimated accurately, survival after
treatment is good, and nonexposed patients are often available
for comparison. Patients treated with radiation for peptic ulcer
(mean dose, 14.8 Gy) present a new opportunity to evaluate the
risk of cancer in organs that received more than 1 Gy of radia-
tion, such as the stomach, lung, and pancreas. Previous studies
(2-11) of peptic ulcer patients have linked increased cancer rates
to lifestyle factors, including tobacco use, and to surgical se-
quelae. The purpose of this study was to evaluate these factors
in concert with radiation exposure. To control for any influence
that the underlying disease or lifestyle factors might have on
cancer risk, a group of patients not treated with radiation was
selected for comparison.

Patients and Methods

Study Population

A total of 4577 patients treated for peptic ulcer at the University of Chicago
between 1937 and 1965 were identified. Radiotherapy to the gastric fundus was
given to 2057 patients to reduce acid production (12-14). For comparison, 2520
patients treated by other means, including surgery, were identified from hospital
records. A total of 968 patients were subsequently excluded because medical
records were not available (n = 219), death occurred within I year of treatment
(n = 108). ulcer diagnosis was not confirmed (n = 147). there was no follow-up
beyond ulcer diagnosis (n = 326), or other reasons (n = 168). The final popula-
tion included 1831 exposed and 1778 nonexposed patients. All radiotherapy
patients and 763 of the 1778 medically managed patients had been previously
studied (13,15). In the current study. we included more than double the number
of nonexposed patients, conducted a more comprehensive and complete follow-
up, and computed radiation doses to each organ for each individual.

Study patients were predominantly white male professionals born before
1910 (Table l). Characteristics of irradiated and nonirradiated patients were
similar, although the calendar years of treatment were somewhat earlier among
the nonexposed, More than one half of the patients smoked cigarettes, with ir-
radiated patients tending to smoke more heavily. A little more than 85% of the
ulcers were duodenal and almost 9% were gastric. Partial gastrectomy occurred
twice as frequently among the nonexposed ( 16.2%) compared with the irradiated
(8.6%) patients.

Patient Follow-up

A comprehensive effort was mounted to obtain information on cause of death
for all patients. Follow-up methods included searching the records of vital
statistics offices in the state of last known residence and accessing mortality in-
formation available from the National Death Index. Social Security Administra-
tion. Department of Veterans Affairs. Health Care Financing Administration.
and death indices of several states. Other location resources included city and
telephone directories. town halls, local newspapers. relatives, credit bureaus.
employers. unions, churches, synagogues. and professional associations.

As of January 1, 1985. 70% of the 3609 patients had died, 17% were still
alive, and 13% were lost to follow-up. Comparisons between the located and un-
located patients revealed no peculiar differences in demographic or treatment
characteristics. Death certificates were obtained for 96% of those who died. All
causes of death were reviewed and coded by a nosologist. using the eighth
revision of the International Classification of Diseases (16).

Radiation Organ Doses

Estimates of radiation dose absorbed by organs were based on experimental
measurements and a review of individual radiotherapy records. Treatments were
highly stylized (13). Almost all treatments used 13 x 13 cm fields, parallel-op-
posed anterior and posterior, centered on the stomach (Fig. 1). Several machines
were used: with rare exceptions, these were orthovoltage x-ray machines
operated at half-value layers of 1.3-1.5 mm Cu. The average total dose to the
stomach was 14.8 Gy, and the average total dose to the midpoint of the stomach
was 17 Gy. The average daily dose to the stomach was approximately 1.5 Gy

delivered during about a 5-minute period. Duration of treatment ranged from 6
to 14 days.

The machine used to treat one half of the patients, a General Electric Maxi-
tron 250 kVp x-ray unit, (GE Medical Systems, Milwaukee, Wis.) was available
for experimerrtsl measurements. Lithium fluoride thermoluminescent dosimeters
were placed throughout the organs of interest its art adult Alderson anthropomor-
phic phantom. One of the radiotherapists (M. L. Griem), who had treated many
of the study patients. verified the exposure conditions, including the use of a
closed-end cone and lead-rubber shielding around the cone. Table 2 lists the
average dose to selected organs from a typical treatment. All of the stomach,
pancreas, and spleen and portions of the left kidney, colors, liver, esophagus, left
lung, and rib cage were in the direct field of radiation and received greater than
10 Gy to the areas irradiated. Scatter radiation of more than 1 Gy was received
by the right kidney, gallbladder, small intestine, and heart. When only part of art
organ was in the direct beam of the x-ray machine during treatment, the radia-
tion dose was not equally distributed throughout the organ. For example, parts of
the colon received 12 Gy and other parts of the colon received much less-only
0.1 Gy. For dose–response analyses and risk estimation, a mean organ dose was
used. Computation of the mean organ dose took into account the nonuniform
distribution of dose throughout the organ [cf. (17) ].

Statistical Methods

The risk of radiation-induced cancer was estimated by comparing the mor-
tality experience of irradiated patients and nonexposed patients. Person-years (1
person-year = the observation time contributed by one person followed for 1
year) were computed beginning 1 year after the date of treatment. The end of
follow-up was the date of death for those who died, January 1, 1985, for those
located alive, and the date last known to be alive for those lost to follow-up.
Standardized mortality ratios (observed/expected [O/E] numbers of deaths) were
computed, with the expected numbers of deaths estimated by multiplying the
age-. sex-, race-, and calendar-year-specific person-years of observation times
the corresponding age-. sex-, race-, and calendar-year-specific mortality rates
from the general population of the United States-available back to 1925 for
most causes (18). Mortality rates for the endocrine system and for lymphomas
were available only after 1950. A Poisson regression procedure was used to fit
the model of relative risk (RR). This model relied on internal comparisons based
on the nonexposed patient group. Maximum likelihood parameter estimates,
likelihood ratio tests for nested models, and likelihood-based confidence inter-
vals were obtained using the AMFIT regression program (19).

In all analyses, RRs were adjusted using the categorical variables for smok-
ing. sex, time since diagnosis. age, and calendar year (shown in Table 1). For
stomach cancer. ulcer type and surgical status were also included. Radiation risk
coefficients and dose–response analyses were based on the excess relative risk
model, rate (x, D) = s(1 + β D), where D is the organ dose and s are the
parameters associated with the stratification factors (x). Significance refers to P
value <.05.

Results

Patients were treated with radiation for peptic ulcer between
1937 and 1965 (mean, 1950); the average age at radiotherapy
was 49 years. The nonexposed ulcer patients were treated between
1929 and 1959 (mean, 1945), and their average age at treatment

was 46 years. The average period of observation was 21.5 years;
it was slightly longer for the nonexposed patients. Overall, 77 757
person-years of observation were accrued, 35 815 among the
irradiated and 41 942 among the nonexposed patients.

Among the 1831 patients treated with radiation, 1294 deaths
were recorded, representing a 32% excess over that expected
based on general population rates (Table 3). Among the 1778
nonexposed patients, 1224 deaths occurred, compared with
1191 expected. For both irradiated and nonexposed patients, sig-
nificant excesses of deaths were seen for nonmalignant diseases
of the digestive system, reflecting, in large part, complications
associated with peptic ulcer. Compared with the general popula-
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tion in the United States, patients treated with radiation were at
a significantly increased risk for death due to all cancers (O/E =
1.85) and diseases of the circulatory system (O/E = 1.18). Mor-
tality among nonexposed patients was significantly increased for
all cancers (O/E = 1.19) but not for diseases of the circulatory
system; mortality was significantly decreased for infections and
diseases of the endocrine system. The significant difference in
all-cause mortality between irradiated and nonexposed patients
(RR = 1.23) was mainly due to cancer (RR = 1.53) and to cir-
culatory disease (RR = 1.20).

Table 4 shows the distribution of observed and expected can-
cer deaths for both treatment groups. Among the irradiated
patients, significant excesses were noted for cancers of the
stomach, large intestine, pancreas, lung, breast, and prostate.
Among the nonexposed patients, only cancers of the lung and
prostate were significantly increased in comparison with rates
from the general population. Contrasting irradiated patients with
nonexposed patients, significant increases were noted for can-

cers of the stomach (RR = 2.77), lung (RR = 1.70), and pancreas
(RR = 1.87) and for leukemia (RR = 3.28). Cancers of female
genital organs were significantly decreased (RR = 0.0). The risk
of nonchronic lymphocytic leukemia (RR = 2.75), however, was
not significantly elevated. Breast cancers occurred in three men,
one among the irradiated patients (0.21 expected) and two
among the nonexposed patients (0.24 expected). One of the non-
exposed men with breast cancer had a prior cancer of the pros-
tate.

For all cancers combined, the RRs following radiotherapy
were 1.49, 1.42, 1.58, 1.85, and 2.08 for those followed between
1-9, 10-19, 20-29, 30-39, and 40-51 years,.respectively. No
variation in RRs over time was seen for cancers of the stomach,
pancreas, and lung (data not shown). No consistent patterns with
time were seen for other cancers, in large part due to the small
numbers involved.

Significant risks of stomach cancer were associated with
radiotherapy (RR = 2.8), partial gastrectomy (RR = 2.6) com-
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pared with no surgery. and gastric ulcer (RR = 3.7) compared
with duodenal ulcer (Tables 4 and 5). The combination of
radiotherapy with surgery or radiotherapy alone for gastric ul-
cers resulted in stomach cancer risks that exceeded 10-fold.
Vagotomy was associated with a nonsignificant increased risk
of stomach cancer (RR = 1.46: 95% confidence interval [CI] =
0.8-2.8). The combination of vagotomy with radiation was
linked to a slightly higher risk (RR = 4.4) than radiotherapy
alone (RR = 3.0).

Cancer risk was significantly higher among those treated with
radiation at young ages. The RRs for all cancer deaths for
patients irradiated when younger than 35 years, 35-54 years. and
older than 55 years were 1.81, 1.53, and 1.11, respectively
(trend P = .05). The most dramatic decrease in risk with increas-
ing age at exposure was for stomach cancer, with the respective
RRs of 10.0, 2.80, and 1.56 (trend P = .02). There were only
18p patients who received more than one course of radiation

treatment, and their risk of cancer (RR = 1.67) was similar to
those treated only once (RR = 1.41). For stomach cancer, how-
ever. there was evidence for a dose response with the RRs of
1.0, 2.6, and 4.4 for those not treated, treated once, or treated

more than once. respectively (trend P = .0002). The estimated
RRs at 1 Gy for cancers of the stomach. pancreas, and lung and
for leukemia were 1.15, 1.08, 1.66, and 2.47, respectively. The
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corresponding excess absolute risk estimates were 0.25, 0.09,
2.33, and 1.40, respectively, per 10 000 persons per year per Gy.

Cigarette smoking was an independent risk factor for cancers
of the lung (RR = 7.2; 95% CI = 3.1-15) and bladder (RR = 2.4;
95% CI=0.6-10) but not of the pancreas (RR= 1.01) or stomach
(RR = 1.0). Tobacco use was also linked to a slight increase in
death due to circulatory disease (RR = 1.12). All direct com-
parisons between irradiated and nonirradiated patients were ad-
justed for cigarette smoking.

Discussion

Patients with peptic ulcers are at increased risk of dying of
cancer. related in part to treatment, the underlying disease, and
lifestyle factors such as cigarette smoking. High-dose radio-
therapy was correlated with increases in mortality from cancers
of the stomach, lung, and pancreas and from leukemia. There
was little evidence that radiation doses of about 1 Gy or more
increased the risk of cancers of the esophagus, colon, liver,
gallbladder, or kidney, although in most instances the number of
deaths were small. Surgical treatment increased the risk of
stomach cancer. Gastric ulcers were associated with higher
stomach cancer rates than duodenal ulcers. Radiotherapy and
surgery appeared to enhance the development of stomach cancer
to an extent greater than expected based on the sum of their in-
dividual effects. Cancer mortality remained elevated 30 years
and longer after radiotherapy, up to 50 years.

Surgery and Lifestyle

It comes as no surprise that cancer deaths were increased
among both irradiated and nonexposed patients. Several large-
scale studies of peptic ulcer patients (3,5,7,10,11) have linked
stomach cancer with surgical treatment among long-term sur-
vivors. One possible mechanism is that surgery reduces acid
secretions, resulting in bacterial overgrowth and subsequent
production of N-nitroso carcinogens in the stomach (20).
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Depending on the type of surgery, refluxed bile might also have
a promoting role. Vagotomy and drainage also have been
reported to increase the risk of gastric cancer threefold (21).
Lung cancer excesses are also prominent features of studies of

peptic ulcer (2,4,6,11,21), attributable, in all likelihood, to
tobacco use (22). Excesses of other smoking-related cancers,
such as those of the bladder (4,6,11) and pancreas (2,4,6,9), are
often seen.

Increases in cancers of the colon (2,4,6) and bilary tract
(4,6,9) have been reported among patients treated with surgery
for peptic ulcers. whereas elevated risks for cancers of the
esophagus. breast, and prostate are rarely seen. Non-Hodgkin’s
lymphoma and leukemia were elevated in one study (11). A
small study of 61 patients (23) treated with radiation and partial
gastrectomy noted increased mortality due to stomach cancer.
Differences among various studies in cancer risks can be at-
tributed to differences in lengths of follow-up. types of surgical
procedures, types of ulcers. sex of patients, numbers of patients.
and extent of tobacco use. Our study was consistent with pre-
vious studies, except that we were able to evaluate the addition-
al risk conferred by radiotherapy.

Radiotherapy

Radiotherapy increased the risk of all cancers combined by
approximately 50%. with the RR holding constant over time
since irradiation. even among those followed for more than 30
years. This pattern of risk is consistent with studies of atomic
bomb survivors (24) and patients treated with radiotherapy for
malignant (25) and benign (26) gynecologic conditions and sup-
ports the belief that radiation damage persists for many years.
Organs that received more than 1 Gy contributed to the overall
excess. most notably the stomach. pancreas. and lung. As in
studies of atomic bomb survivors (24), the RR decreased sig-
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nificantly by increasing age at exposure for all cancers com-
bined and for stomach cancer in particular. It might be noted
that radiotherapy is no longer used to treat peptic ulcer.

Stomach Cancer

An average total dose of 15 Gy to the stomach resulted in a
nearly threefold cancer risk that persisted for more than 30
years. Our study is one of only three investigations providing
quantitative risk estimates for stomach cancer (24,27). Radiation
risk increased with increasing dose and decreased with increas-
ing age at exposure. The estimated RR for stomach cancer at 1
Gy for patients with peptic ulcers (RR = 1.15) was similar to
that for Japanese atomic bomb survivors (RR = 1. 13). The
Japanese atomic bomb survivors have a very high underlying
risk for stomach cancer (24). The similarity in RR estimates in
these two populations suggests that radiation may interact with
underlying risk factors for stomach cancer in a multiplicative
rather than an additive fashion. The absolute risk (0.25 excess
cancers per 104 person-years per Gy), however, was much lower
among patients irradiated for peptic ulcers than among atomic
bomb survivors (4.19 excess cancers per 104 person-years per
Gy). This pattern in relative and absolute excess risks is the
reverse of that seen for radiogenic breast cancer; where absolute
excess risks are similar and RRs differ between irradiated
Western populations and atomic bomb survivors, who have a
very low background risk for breast cancer (28). These data
point to the complexity in applying risk estimates from one
population (such as atomic bomb survivors) to another (such as
occupationally exposed populations in the United States) when
the base-line rates of disease are distinctly different.

The observation that radiotherapy and surgery together great-
ly enhanced stomach cancer risk may be a chance finding or,
possibly, indicative of a complex carcinogenic process involv-
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ing radiation-damaged cells, extreme treatment-induced hypo-
acidity, increased bacterial growth, and associated exposure to
N-nitroso compounds (or other promoting factors) of cells no
longer protected by stomach mucosa.

Lung Cancer

Death due to lung cancer was significantly linked to
radiotherapy, despite a nonuniform distribution of radiation dose
within the lung (mean total dose, 1.79 Gy). Cancer rates were
high immediately after treatment, however, suggesting some
residual confounding due to cigarette smoking. Studies of un-
derground miners exposed to radon (1), patients irradiated for
spondylitis (29), and atomic bomb survivors (24) provide quan-
titative risk estimates of lung cancer. Our computed risk coeffi-
cient (RR = 1.66 at 1 Gy) was similar to that from the atomic
bomb survivor study (RR= 1.56 at 1 Gy).

Pancreatic Cancer

Pancreatic cancer has not been linked convincingly to radia-
tion. Studies of atomic bomb survivors (24) and patients ir-
radiated for cervical cancer (27) and spondylitis (29) showed no
link. Our study differs from all previous studies in that the mean
total dose to the pancreas, nearly 13 Gy. was substantially
larger. Other than a high-dose radiation effect, it is conceivable
that inaccuracies in death certification or uncontrolled con-
founding by smoking may have contributed to the apparent risk
of pancreatic cancer. Because the diagnoses of pancreatic cancer
are notoriously inaccurate on death certificates, a portion of the
excess might be related to misclassification of other radiogenic
cancers, such as stomach cancer. Thus, the association with
radiation must be viewed cautiously and may be noncausal.

Leukemia and Lymphoma

Radiotherapy for peptic ulcers exposed relatively small por-
tions of the bone marrow and of the lymphatic system but might
have contributed to the slight excess observed for leukemia and
non-Hodgkin’s lymphoma. Although similar leukemia risks
have been reported in other patient populations given radio-
therapy (26,27,29), the small numbers in our study precluded
firm conclusions. The only evidence for an association between
radiation and lymphoma is from studies of patient populations
treated with high-dose radiation for spondylitis, cervical cancer.
and Hodgkin’s disease (30). Conceivably. very high therapeutic
doses may be required for non-Hodgkin’s lymphoma to develop.
whereas lower doses would not result in detectable increases.
Multiple myeloma, another malignancy of uncertain radiogenic
origin, was not increased in our study.

Other Cancer Sites

Radiotherapy did not increase the risk of esophageal or colon
cancer. The distribution of dose within the large intestine and
esophagus was nonuniform, reaching a total mean as high as 14
Gy in some portions and less than 0.1 Gy in other portions. Pos-
sibly, for these organs, the very high doses resulted in cell kill-
ing and not transformation, and the very low doses were not
sufficient to result in an expressed risk. Other organs receiving
greater than 1 Gy that were not significantly increased included
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the liver and kidney; cancers of these organs were not convinc-
ingly related to x-ray exposure in previous studies (1).

Study Strengths and Limitations

The study strengths include the exceptionally long follow-up
for the expression of late effects, the accurate estimation of in-
dividual radiation dose, and a comparison group of patients with
peptic ulcers who had not been treated with radiation to control
for underlying risks and lifestyle factors. Limitations include the
rather consistent way in which patients were treated, which
restricted our ability to evaluate dose–response relationships.
Further, the nonhomogeneous dose distribution within some or-
gans was such that simple averaging of dose might not be strict-
ly appropriate for risk assessment. The follow-up was 87%
complete, and ulcer patients lost to follow-up did not differ ap-
preciably in demographic or treatment characteristics from those
successfully traced. Unadjusted confounding by cigarette smok-
ing or other lifestyle factors may have influenced some results.
Metastatic spread of primary stomach cancer might also have
been misclassified on death certificates as cancer deaths for cer-
tain other sites, such as the liver or pancreas. Finally, patients
treated with radiotherapy appeared to be less fit than those
treated by other means, and they were less likely to be can-
didates for surgery. The significant excess of heart disease, for
example, could be due in part to high-dose radiation damage to
coronary tissue (31 ) but is more likely related to selection fac-
tors that excluded patients with serious heart conditions from
surgery.
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